After infection of the upper respiratory tract with foot-and-mouth disease (FMD) virus in immunized cattle, a drop in specific serum-neutralizing antibody activity was observed. Vaccinated cattle with high preexposure serum antibody titers had a precipitous drop for the first 4 days after virus exposure, followed by a rise in titer. This drop was also seen in passively immunized cattle with high preexposure titers; however, their antibody titers decreased for 5 to 7 days after exposure to virus. Some vaccinated and passively immunized cattle with low preexposure antibody titers showed fluctuations in their titers shortly after exposure. These data suggest that the course of infection with FMD virus in immunized cattle depends on the rapidity of new antibody formation as well as on the level of neutralizing antibody titer at the time of exposure.
After infection of the upper respiratory tract with foot-and-mouth disease (FMD) virus in immunized cattle, a drop in specific serum-neutralizing antibody activity was observed. Vaccinated cattle with high preexposure serum antibody titers had a precipitous drop for the first 4 days after virus exposure, followed by a rise in titer. This drop was also seen in passively immunized cattle with high preexposure titers; however, their antibody titers decreased for 5 to 7 days after exposure to virus. Some vaccinated and passively immunized cattle with low preexposure antibody titers showed fluctuations in their titers shortly after exposure. These data suggest that the course of infection with FMD virus in immunized cattle depends on the rapidity of new antibody formation as well as on the level of neutralizing antibody titer at the time of exposure.
The significance of foot-and-mouth disease (FMD) virus-neutralizing antibody titers in resistance to infection is difficult to evaluate (1, 6, 16) . Borgen et al. (1) reported on two groups of cattle, vaccinated with a Formalin-inactivated FMD virus vaccine, and exposed to virus 3 or 5.5 months later. Although both groups of cattle had the same titers of neutralizing antibody, the group exposed at 3 months resisted the disease whereas the group exposed at 5.5 months did not. Similar results were obtained by Geering et al. (6) with cattle exposed 3 and 82 weeks after vaccination with modified strains of FMD virus. Van Bekkum et al. (16) found that cattle with lower antibody titers shortly after vaccination were better protected than cattle with similar titers which were exposed later. They suggested that this difference was due to different antibody classes. Graves et al. (7) , studying the early response to inactivated oil-adjuvant vaccine, found that animals which became diseased after exposure to virus were not necessarily those with the lowest neutralizing antibody levels.
In earlier experiments (15) Virus. Type A24 FMD virus strain 4691 (A-4691) was isolated from FMD virus-carrier cattle in Brazil. The history and some of the characteristics of this strain have been reported (12, 15 Route of inoculation. Cattle were exposed to virus by instillation of the virus into either the tonsillar crypt or the nasal cavity (15) . The viral dose varied from 102 to 106 plaque-forming units.
Viremia studies. Heparinized blood samples were collected daily for 2 weeks after virus inoculation.
The samples were homolyzed by rapid freeze-thawing and tested with primary bovine kidney (BK) cell cul-tures in 4-oz prescription bottles for the presence of virus (3 bottles with 1 ml and 3 bottles with 0.1 ml per sample). The overlay was 15 ml of Hanks balanced salt solution with 0.5% lactalbumin hydrolysate (HLH). Neutralized FMD virus can be reactivated by trichlorotrifluoroethane (13) . To test for possible bound virus in the blood, 2 ml of heparinized blood sample was added to 15 ml of HLH and blended with 10 ml of trichlorotrifluoroethane for 2 min at 16,000 rev/min in an Omnimixer (Ivan Sorvall, Inc., Norwalk, Conn.). After centrifugation of the emulsion, approximately 10 ml of the aqueous phase was inoculated into one 5-liter Povitsky bottle containing BK cell culture and 500 ml of HLH (5).
Circulating antibodies. The serum protection test was performed in unweaned mice, essentially as described by Cunha et al. (3) . Suckling mice were given 0.1 ml of heat-inactivated serum subcutaneously. Four hours later, virus was titrated by intraperitoneal inoculation of an equal number of serum-treated and untreated mice. After observation for 7 days, the mouse protection index (MPI) was calculated as the difference in virus titer of the two groups.
For serum-neutralization tests a fourfold dilution set of each serum was made and mixed with virus so that 0.05 ml of the mixture contained 100 mouse mean lethal doses. The mixtures of virus and antiserum were incubated for 1 hr at 37 C and inoculated intraperitoneally into suckling mice. Six suckling mice 7 to 9 days old were used for each virus-serum mixture. The dilution of serum protecting 50% of inoculated mice (PD5o) was computed after 7 days (4).
Pharyngeal samples. The collection, processing, and testing of oesophageal-pharyngeal (OP) fluid samples were done as described (13 period of relative stability, and a substantial rise in antibody titers started by day 7.
Figure lb illustrates the variability of response in the vaccinated group II cattle with lower preexposure antibody titers. Only one (steer 6) had a drop in serum-neutralizing titer 24 hr after exposure to virus. The PD50 values of sera of three of the four cattle had individual fluctuations, which were most pronounced in steer 4. Steers 4 to 6 had a substantial increase in serumneutralizing activity between 7 and 14 days after virus exposure. Steer 7, with the lowest preexposure PD50 values, had a sharp rise in neutralizing activity between day 1 and 6, and reached the highest level for this group. tralizing activity in the absence of virus exposure is also shown. The loss of neutralizing activity in this experiment after exposure to virus was faster than the normal rate as established experimentally in other cattle treated similarly but without virus exposure. In steers 8 and 9, more than 90% of the activity was lost by 7 days after exposure. The decreasing titers were followed by a sharp rise in neutralizing activity after day 7.
In steers 10 and 11 with preexposure PD50 values below 2.0, the increase in neutralizing activity started 2 days earlier than with steers 8 and 9.
The neutralizing activity of the sera of group IV cattle which had low preexposure PD50 values are summarized in Fig. 2b . Except for initial fluctuations, steers 13 and 14 had little change in antibody titers until day 7 to 9. In contrast, steer 12 had rising titers from 1 to 5 days after virus exposure, followed by 3 days of falling PD50 values. The PD50 values of this steer never rose to levels reached by the other steers in group IV.
Clinical observations. Signs of clinical FMD were observed only in the passively immunized cattle of group III (Table 1) . Steer 8 had an erosive tongue lesion and a small distinct vesicle on the nostril on day 10. Steers 9 and 10 had vesicles of the tongue epithelium by the 7th day. No other lesions developed. The only fever observed was in steer 8 on day 4 (Table 1) .
Virus could not be recovered from any of the blood samples, but all of the cattle of the four groups were infected, as evidenced by virus recovery from their pharyngeal samples collected 7 and 14 days after exposure.
DISCUSSION
Recent studies have clarified some of the interactions between FMD virus and its host (8) (9) (10) 14) . Exposure of nonimmunized cattle with FMD virus by the upper respiratory route results in an initial local multiplication of virus in the pharynx (10) . Rising virus titers in OP fluid (13) are found between 4 and 12 hr postinoculation. After that period, infectivity titers level off and then remain relatively constant until the occurrence of a second rise, preceding the appearance of epithelial lesions 2 to 4 days postinoculation. Viremia usually starts between 20 and 30 hr after the first rise of virus titers in the OP fluid (8, 10) .
Virus multiplication in the pharynx of immunized cattle follows much the same After initial pharyngeal multiplication, the subsequent spread of the virus to other parts of the body of nonimmunized cattle is thought to be mainly by the circulatory system (14, 11) . However, because of the high virus titers in the OP fluid, local infection of abrasions in the tongue epithelium or other predilection places cannot be excluded. In immune animals, this external spread may be the main source of infection for these sites. Whether such foci then extend to produce visible epithelial lesions or remain small and localized probably depends on the levels of serum antibody. The cattle of group III had the longest lag period in antibody formation, which might explain their clinical reaction in spite of relatively high preexposure antibody titers. The opposite situation occurred in steer 7 of group II with the lowest preexposure antibody titers of the vaccinated cattle. Within a few days after virus exposure, its serum antibody reached a level which probably would prevent the spread of local epithelial foci, thus protecting this steer against disease. Therefore, in terms of resistance, the preexposure virus-neutralizing antibody titers as well as the rapidity and intensity of their response to the antigenic stimulus should be considered.
